- 1 - 

SURGICAL INSTRUMENT 

This application claims benefit of Japanese Application 
No. 2003-051849 filed on February 27, 2003, No. 2003-051850 
filed on February 27 , and No. 2003-051851 filed on February 
27 , 2003 , the contents of which are incorporated by this 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surgical instrument 
for use in a surgical operation in which an end effector 
disposed on a distal end of the surgical instrument is 
operated by a human operator by manipulating a handle 
disposed on a proximal end of an insertion portion of the 
surgical instrument. More particularly, the present 
invention relates to a surgical instrument for use in 
endoscopic surgery . 

2. Description of the Related Art 

Conventionally, an endoscope is widely used to perform 
various surgical treatments on a body tissue while observing 
an image of the body tissue via the endoscope having an 
elongated insertion portion inserted in a body cavity. In 
recent years, endoscopes have been used to perform surgical 



- 2 - 



treatments or procedures without having to perform a 
laparotomy and thus without imposing significant invasion 
against patients. In such endoscopic surgery, an endoscope 
for observation is introduced into a body cavity via a 
trocar, and a surgical instrument is introduced to a portion 
of interest in the body cavity via the trocar. While 
observing the surgical instrument and the portion of 
interest via the endoscope, a surgical treatment or 
procedure is performed. 

Surgical instruments used in endoscopic surgery or the 
like are formed in an elongated shape, and an end effector 
disposed on an end of an insertion portion is manipulated by 
handling an operation control portion disposed on the 
opposite end. 

A surgical instrument capable of rotating its end 
effector disposed on an end of an insertion portion is 
disclosed, for example, in U.S. Pat. No. 5,275,608, U.S. Pat. 
No. 5,330,502, U.S. Pat. No. 5,383,888, or U.S. Pat. No. 
5,549,637. 

More specifically, in a surgical instrument disclosed 
in U.S. Pat. No. 5,275,608, an end effector disposed on a 
distal end can be opened and closed by opening and closing a 
pair of handles disposed on a proximal end of the surgical 
instrument, and the end effector can be pivoted, that is, 
the orientation of the end effector can be changed, by 
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rotating the pair of handles. 

In a surgical instrument disclosed in U.S. Pat. No. 
5, 330, 502 , a treatment tool disposed on its distal end part 
can be opened and closed, and the distal end part can be 
pivoted in a direction away from the main axis of the 
treatment tool. In this surgical instrument, to realize the 
above capabilities, a rotation knob for rotating the distal 
end about the main axis is disposed at a location in front 
part of an operation handle, and a pivot control knob for 
pivoting the distal end part of the surgical instrument is 
disposed next to the rotation knob. 

In a surgical instrument disclosed in U.S. Pat. No. 
5,383,888, an end effector can be opened and closed by- 
opening and closing a pair of handles disposed on the 
proximal end of the surgical instrument. Furthermore, in 
this surgical instrument, the end effector can be pivoted by 
operating a pivot control portion disposed on the proximal 
end. 

In a surgical instrument disclosed in U.S. Pat. No. 
5,54 9,63 7, a treatment tool attached to a distal end part of 
the surgical instrument can be operated. Furthermore, the 
distal end part can be pivoted in a direction away from the 
main axis of the treatment tool, and the treatment tool 
attached to the distal end part can be rotated about the 
axis independently. In this surgical instrument, the 
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treatment tool is manipulated via a rigid base-side rod, a 
link substantially passing though a rotatable joint, and a 
head-side rod. Furthermore, in this surgical instrument, a 
rotation knob for rotating the main shaft is disposed in 
front part of the operation handle, at a distal-end side, to 
a manipulation handle, a pivot control knob is disposed next 
to the rotation control knob, and a rotation knob for 
independently rotating the treatment tool is disposed next 
to the pivot control knob. 

SUMMARY OF THE INVENTION 

The present invention provides a surgical instrument 
comprising a tubular member having a distal end and a 
proximal end, for forming a first axis, a partition member 
disposed in the tubular member in a direction along the axis 
of the tubular member, for partitioning the inside of the 
tubular member, a first shaft disposed in a first channel 
formed by the partition member such that the first shaft can 
move in both forward and backward directions, a second shaft 
disposed in a second channel formed by the partition member 
such that the second shaft can move in both forward and 
backward directions, an end effector including a pair of 
jaws, a base member connected to the second shaft, for 
supporting the end effector, a supporting pin for pivotably 
supporting the base member to mount the end effector on the 
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distal end of the tubular member, a first connection member 
connected to the jaws, the first connection member being 
movable in both forward and backward directions in the base 
member to open and close the jaws, a second connection 
member for connecting the first connection member with the 
first shaft, the second connection member being movable 
through a joint formed by the supporting pin, a first 
operation control portion connected to the proximal end of 
the first shaft, for manipulating the end effector via the 
first shaft, and a second operation control portion 
connected with the proximal end of the second shaft, the 
second operation control portion being movable in both 
forward and backward directions to control the angle of the 
joint . 

In this surgical instrument, if the first operation 
control portion is operated, the first shaft is moved 
forwardly or backwardly by an amount corresponding to an 
amount by which. the first operation control portion is 
operated, and thus the end effector is manipulated in 
accordance with the operation performed on the first 
operation control portion. On the other hand, when the 
second operation control portion is operated, the second 
shaft is moved forwardly or backwardly by an amount 
corresponding to an amount by which the second operation 
control portion is operated, and the end effector base is 
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pivoted by a corresponding amount. As a result, the end 
effector moves to a specified position. 

The above and other objects, features and advantages of 
the invention will become more clearly understood from the 
following description referring to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a surgical instrument; 

Fig. 2 is a perspective view showing the structure of 
the surgical instrument; 

Fig. 3A is a perspective view of an end effector; 

Fig. 3B is a perspective view showing the end effector 
in a state in which an end effector base is removed; 

Fig. 4A is a cross-sectional view taken along line 4A- 
4A of Fig. 3A; 

Fig. 4B is a cross-sectional view taken along line 4B- 
4B of Fig. 4A; 

Fig. 5 is a diagram showing a manner in which an end 
effector pivots; 

Fig. 6 is a diagram showing a manner in which jaws are 
opened and closed when the end effector is in a non-pivoted 
state; 

Fig. 7 is a diagram showing a manner in which jaws are 
opened and closed when the end effector is in a fully- 
pivoted position; 
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Fig. 8 is a cross-sectional view taken along line 8-8 
of Fig. 1; 

Fig. 9 is a cross-sectional view showing the structure 
of an insertion portion assembly and that of a manipulation 
portion assembly; 

Fig. 10 is an enlarged view of a proximal end part of 
the insertion portion assembly shown in Fig. 9; 

Fig. 11 is a diagram showing an operation of a movable 
handle of an end effector manipulation portion; 

Fig. 12 is a diagram illustrating a manner in which an 
end effector manipulation rod moves in response to an 
operation performed on a movable handle; 

Fig. 13 is a diagram illustrating a manner in which 
jaws of an end effector are opened or closed in response to 
motion of a flat plate-shaped distal end part of an end 
effector manipulation rod, wherein an end effector base is 
removed to provide an easier understanding; 

Fig. 14 is a diagram illustrating an operation 
associated with a pivot control knob; 

Fig. 15 is a diagram illustrating a manner in which a 
pivot base and an end effector base manipulation rod move in 
response to an operation performed on a pivot control knob; 

Fig. 16 is a diagram illustrating the relationship 
between the motion of an end effector and the motion of a 
distal end unit of an end effector base manipulation rod, 
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wherein an end effector base is removed to provide an easier 
understanding ; 

Fig. 17 is a diagram illustrating an operation of a 
movable handle of an end effector manipulation portion in a 
state in which a pivot control knob is operated; 

Fig. 18 is a diagram illustrating a manner in which a 
pivot base and an end effector base manipulation rod move in 
response to an operation performed on a pivot control knob, 
and also illustrating a manner in which an end effector 
manipulation rod moves in response to an operation performed 
on a movable handle; 

Fig. 19 is a diagram illustrating a manner in which 
jaws of an end effector are opened or closed when the end 
effector is in a pivoted state; 

Fig. 20 is a diagram illustrating the relationships 
among the pin-to-pin distance, the pivot angle 9i, and the 
opening angle 6 2 ; 

Fig. 21 is a diagram illustrating the structure of an 
end effector manipulation rod and the structure of an 
insertion portion having a cross-sectional area 
substantially equal to that of the end effector manipulation 
rod; 

Fig. 22 is a diagram illustrating a surgical instrument 
including a pivot control knob with a further increased 
diameter; 
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Fig. 23A is a diagram illustrating a surgical 
instrument whose end effector is in a position in which the 
end effector and an insertion portion lie in a straight 
line; 

Fig. 23B is a diagram illustrating the surgical 
instrument whose end effector is in a fully pivoted 
position; 

Fig. 24 is a cross-sectional view illustrating an 
insertion portion assembly and a manipulation portion 
assembly in a state in which the end effector is in the 
pivoted position shown in Fig. 23A; 

Fig. 25 is a cross-sectional view illustrating the 
insertion portion assembly and the manipulation portion 
assembly in a state in which the end effector is in the 
pivoted position shown in Fig. 2 3B; 

Fig. 26 is a diagram illustrating a surgical instrument 
in a state in which an end effector including a second 
connection member having a characteristic structure is in a 
pivoted position and the respective pair of jaws of the end 
effector are closed; 

Fig. 27 is a diagram illustrating a surgical instrument 
in a state in which an end effector including a second 
connection member having a characteristic structure is in a 
pivoted position and a pair of jaws of the end effector is 
opened; 
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Fig. 28 is a diagram illustrating an end effector 
including an end effector base having a characteristic 
structure, in a state in which the end effector is in a 
position in which the end effector and an insertion portion 
lie in a straight line; 

Fig, 29 is a diagram illustrating the end effector in 
an open state; 

Fig. 30 is a diagram illustrating an end effector in a 
pivoted position into which the end effector has been moved 
from a straight position; and 

Fig. 31 is a diagram illustrating the end effector in 
an open state in a pivoted position , wherein an end effector 
base is removed to provide an easier understanding. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is described in further detail 
below with reference to specific embodiments in conjunction 
with the drawings . 

Referring to Figs. 1 to 20/ a first embodiment of the 
present invention is described below. Figs. 1 to 10 show 
the structure of a surgical instrument, and Figs. 11 to 2 0 
show the operation of the surgical instrument. 

As shown in Fig. 1, the surgical instrument 1 according 
to the present embodiment is constituted mainly of an end 
effector 2, an insertion portion 3, and a grasp control 



- 11 - 



portion 4. 

For example, the end effector 2 is a dissecting forceps 
including a pair of first and second jaws 21 and 22 that are 
formed of a rigid material such that they can be opened and 
closed. The insertion portion 3 includes an insertion tube 
31 formed in the shape of an elongated tube serving as an 
outer sheath. The grasp control portion 4 includes a first 
operation control portion serving as an end effector 
manipulation portion 40. 

As shown in Fig. 2, the surgical instrument 1 can be 
separated into an end effector assembly 5 f an insertion 
portion assembly 6, and a manipulation portion assembly 7. 

The end effector assembly 5 is constituted mainly of 
the jaws 21 and 22, an end effector base 23 serving as a 
base member, a distal end cover 24, an end effector 
manipulation rod 51, and an end effector base manipulation 
rod 52. 

The proximal end of each of the jaws 21 and 2 2 is 
connected to the end effector base 23. The distal end cover 
24 is disposed on a distal end of the insertion tube 31. 
The end effector manipulation rod 51 is a first shaft formed 
of a rigid material so as to have a particular length. The 
end effector base manipulation rod 52 is a second shaft 
formed of a rigid material so as to have a particular length. 

The end effector manipulation rod 51 and the end 
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effector base manipulation rod 52 are inserted in parallel 
through the insertion tube 31. A connecting rod 53 having a 
ball 53a is integrally connected with the proximal end of 
the end effector manipulation rod 51. 

The insertion portion assembly 6 is constituted mainly 
of the insertion tube 31, a pivot base 61, a pivot control 
knob 62, and a rotation knob 63. The pivot base 61 is 
disposed on a proximal end of the insertion tube 31. The 
pivot control knob 62 serves as a second operation control 
portion. The rotation knob 63 serves as a third operation 
control portion. A release button 70 is disposed between 
the pivot control knob 62 and the rotation knob 63. The 
release button 70 is used when the insertion portion 
assembly 6 is removed from the manipulation portion assembly 
7. 

When the end effector assembly 5 is assembled with the 
insertion portion assembly 6, a small-diameter portion 24a 
of the distal end cover 24 is fit into an opening 31a at the 
distal end of the insertion tube 31, and the end effector 
assembly 5 is inserted into the insertion portion assembly 6 
such that the end effector manipulation rod 51 and the 
connecting rod 53 partially protrude from a proximal end of 
the insertion tube 31. The proximal end of the end effector 
base manipulation rod 52 is connected with the pivot base 61 
using a connection screw denoted by reference numeral 67 in 
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Fig- 10. 

The manipulation portion assembly 7 is constituted 
mainly of a fixed handle 41 and a movable handle 42. The 
fixed handle 41 and the movable handle 42 form the end 
effector manipulation portion 40. The fixed handle 41 and 
the movable handle 4 2 are pivotably connected via a handle 
pin 43. 

The movable handle 42 can pivot in either direction 
denoted by an arrow a in Fig. 2 or denoted by arrow b. A 
connecting rod receiving hole 44 is formed on a distal end 
of the movable handle 42. The ball 53a of the connecting 
rod 53 is removably fit in the connecting rod receiving hole 
44. An attaching portion 45 is formed on a distal end of 
the fixed handle 41 such that the insertion portion assembly 
6 can be removably attached to the attaching portion 45. 

To assemble the end effector assembly 5, the insertion 
portion assembly 6, and the manipulation portion assembly 7 
into the surgical instrument 1 shown in Fig. l f the end 
effector assembly 5 and the insertion portion assembly 6 are 
first combined together. Thereafter, the end effector 
assembly 5 and the insertion portion assembly 6 in the 
combined form are connected with the manipulation portion 
assembly 7. More specifically, the proximal end part of the 
insertion portion assembly 6 is fit into the attaching 
portion 45 of the manipulation portion assembly 7, and the 
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ball 53a of the connecting rod 53 of the end effector 
assembly 5 is fit into the connecting rod receiving hole 44. 

Referring to Figs. 3A to 10 , the structure of the 
surgical instrument 1 is described in further detail below. 

First, the end effector assembly 5 is described 
referring to Figs. 3A to 4B. 

The end effector assembly 5 has an opening/closing link 
mechanism and a pivot link mechanism. The opening/closing 
link mechanism is a mechanism for opening and closing the 
first jaw 21 and the second jaw 22 of the end effector 2. 
The pivot link mechanism is a mechanism for changing the 
position of the end effector 2 with respect to the axial 
direction of the insertion portion 3. 

The pivot link mechanism includes a pair of first pivot 
pins 8a for connecting a cover projection part 24b of the 
distal end cover 24 with a proximal-end projection 23a of 
the end effector base 23 and also includes a second pivot 
pin 8b for connecting the proximal end of the end effector 
base 23 with a distal end unit 52a of the end effector base 
manipulation rod 52. 

The opening/closing link mechanism includes a first 
opening/closing pin 9a for connecting distal-end projections 
23b of the end effector base 23 with the second jaw 22 , a 
second opening/closing pin 9b for connecting the second jaw 
22 and the first jaw 21, a first connection pin 10a for 
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connecting a proximal end part of the first jaw 21 with a 
proximal end part of a first connection member 25, a second 
connection pin 10b for connecting the first connection 
member 25 with a second connection member 26, and a third 
connection pin 10c for connecting the end effector 
manipulation rod 51 with the second connection member 26. 

The end effector base 23 and the distal end cover 24 
are formed in substantially tubular shape using a material 
having proper rigidity and flexibility. A small-diameter 
portion 24a is formed on a proximal end of the distal end 
cover 24. The small-diameter portion 24a is inserted 
through the distal end opening 31a into the insertion tube 
31 of the insertion portion 3. On the other hand, a pair of 
projections 23a and a pair of projections 23b are formed on 
the distal end and the proximal end, respectively, of the 
end effector base 23. 

The first connection member 2 5 is formed of a plate- 
shaped rigid material. The second connection member 26 is 
also formed of a rigid material. As shown in Fig. 4A, the 
second connection member 26 has an H-like shape in cross 
section, and recessed parts are formed on both end portions 
thereof. A flat plate-shaped distal end part 51a formed on 
the distal end of the end effector manipulation rod 51 is 
connected with the recessed part on the proximal end of the 
second connection member 26 by the third connection pin 10c. 
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On the other hand, the proximal end of the first connection 
member 25 is connected with the recessed part on the head of 
the second connection member 26 by the second connection pin 
10b. 

The distal end cover 24 has a pair of cover projection 
parts 24b. The pair of proximal-end projections 23a and the 
second connection member 2 6 are disposed between the cover 
projection parts 24b. Note that the proximal-end 
projections 23a are formed on the proximal end of the end 
effector base 23. 

The structure of the pivot link mechanism is described 
below. 

The proximal-end projections 23a of the end effector 
base 23 are connected with the cover projection parts 24b of 
the distal end cover 24 by the pair of first pivot pins 8a 
so as to form a pivotable joint. Note that the first pivot 
pins 8a are disposed in a direction perpendicular to the 
axis of the insertion portion 3. 

The distal end unit 52a of the end effector base 
manipulation rod 52 is connected with the proximal end of 
the end effector base 23 by the second pivot pin 8b. The 
second pivot pin 8b is disposed parallel to the first pivot 
pins 8a. 

The end effector base manipulation rod 52 is disposed 
in a cutout channel 24c formed at a particular location in 
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the distal end cover 24. The location of the second pivot 
pin 8b in the state shown in Fig. 4B is referred to as a 
zero pivot end, while the location of the second pivot pin 
8b represented by a solid line in Fig. 5 is referred to as a 
maximum pivot end. 

As shown in Fig. 5, if the second pivot pin 8b 
pivotably supporting the end effector base manipulation rod 
52 is moved a linear distance Li from the zero pivot end 
represented by a dashed line to the maximum pivot end 
represented by the solid line, the end effector base 23 
pivots on the first pivot pins 8a represented by a broken 
line until it comes into a position represented by solid 
lines. 

As a result, the end effector 2 formed of the first jaw 
21 and the second jaw 22 comes into a pivoted position 
represented by dashed lines at an angle 0i with respect to 
the horizontal direction. That is, by moving the location 
of the distal end of the end effector base manipulation rod 
52 by a proper distance within the range from the zero pivot 
end to the maximum pivot end, the end effector 2 can be 
moved into a desired position within the range of angle 8 X . 

Now, the opening/closing link mechanism is described 
below. 

The first opening/closing pin 9a is fixed to the 
distal-end projections 23b of the end effector base 23. 
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Note that the first opening/closing pin 9a is disposed 
parallel to the first pivot pins 8a. The first 
opening/closing pin 9a is connected to a middle part of the 
second jaw 22 such that the second jaw 22 can pivot on the 
first opening/closing pin 9a. Thus, the second jaw 22 can 
pivot on the first opening/closing pin 9a with respect to 
the end effector base 23. 

The second opening/closing pin 9b is disposed in the 
proximal end part of the second jaw 22. The second 
opening/closing pin 9b is connected with a middle part of 
the first jaw 21 such that the first jaw 21 can pivot on the 
second opening/closing pin 9b. Thus, the first jaw 21 and 
the second jaw 22 can pivot with respect to each other on 
the second opening/closing pin 9b. By pivoting the first 
jaw 21 and the second jaw 22 with respect to each other, the 
end effector 2 can be opened or closed. 

The proximal end of the first jaw 21 is pivotably 
connected to the distal end of the first connection member 
25 by the first connection pin 10a. Side faces 25a and 25b 
of the first connection member 25 are in contact with 
contact faces 23c and 23d of the end effector base 23. Thus, 
the first connection member 25 moves longitudinally in the 
end effector base 23 in a direction parallel to the contact 
faces 23c and 23d. 

The other end of the first connection member 2 5 is 



- 19 - 



located in the recess of the distal end of the second 
connection member 26. The first connection member 25 and 
the second connection member 26 are connected with each 
other via the second connection pin 10b. 

On the other hand, the flat plate-shaped distal end 
part 51a of the end effector manipulation rod 51 is located 
in the recess of the distal end part of the second 
connection member 26. The end effector manipulation rod 51 
and the second connection member 2 6 are connected with each 
other via the third connection pin 10c. 

Thus, the end effector manipulation rod 51 and the end 
effector 2 are connected with each other via the second 
connection member 26 and the first connection member 25. 

The location of the third connection pin 10c in the 
state shown in Fig. 4B is referred to as a first end 
position where the first jaw 21 and the second jaw 22 of the 
end effector 2 are in the closed state. On the other hand, 
the location of .the third connection pin 10c in the state 
shown in Fig. 6 or 7 is referred to as a second end position 
where the first jaw 21 and the second jaw 22 of the end 
effector 2 are in the fully opened state. 

The distance between through-holes of the second 
connection member 2 6 in which the second connection pin 10b 
and the third connection pin 10c are respectively disposed 
is referred to as a pin-to-pin distance. The pin-to-pin 
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distance is set to a particular value such that conditions 
described below are satisfied. 

When the end effector 2 is in a closed state as shown 
in Fig. 4A or 4B, the central axis of the second connection 
pin 10b and the central axis of the first pivot pin 8a lie 
in the same line. On the other hand, when the end effector 
2 is in a fully opened state as shown in Fig. 6 or 7, which 
will be referred to again later, the central axis of the 
third connection pin 10c and the central axis of the first 
pivot pin 8a lie in the same line. 

Thus, when the first jaw 21 and the second jaw 22 
forming the end effector 2 are in the closed state, if the 
end effector 2 is pivoted, the first connection member 25 
pivots on the second connection pin 10b. As a result, as 
shown in Fig. 5, the first jaw 21 and the second jaw 22 are 
maintained in the closed state. 

On the other hand, when the first jaw 21 and the second 
jaw 22 of the end effector 2 are in the opened state, if the 
end effector 2 is pivoted, the first connection member 25 
and the second connection member 2 6 pivot on the third 
connection pin 10c. As a result, as shown in Fig. 7, the 
first jaw 21 and the second jaw 22 are maintained in the 
opened state. 

Therefore, if the distal end of the end effector 
manipulation rod 51 is moved a linear distance L2 from the 
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first end position represented by dashed lines to the second 
end position represented by solid lines as shown in Fig. 6 
or 7 , the first connection member 25 moves in the end 
effector base 23 in a direction parallel to the end effector 
base 23, and the first jaw 21 and the second jaw 22 pivot on 
the second opening/closing pin 9b and the first 
opening/closing pin 9a, respectively. As a result, the end 
effector 2 changes from the closed state represented by 
dashed lines to a fully opened state with an angle of 9 2 . 

That is, by moving the location of the distal end of 
the end effector manipulation rod 51 by a proper distance 
within the range from the first end position to the second 
end position, the first jaw 21 and the second jaw 22 of the 
end effector 2 can be opened to a desired angle within 0 2 . 

The first jaw 21 has a grasping surface 21a, and the 
second jaw 22 has a grasping surface 22a, wherein the 
grasping surfaces 21a and 22a face each other. In the 
present embodiment, protrusions and depressions are formed 
on the grasping surfaces 21a and 22a. Note that the shapes 
of the jaws 21 and 22 are not limited to those shown in Fig. 
6 or 7, and the manner of forming protrusion and depressions 
is not limited to that shown in Fig. 6 or 7 . Furthermore, 
the end effector 2 is not limited to that having jaws shown 
in Fig. 6 or 7 , but any other end effector such as a 
scissors forceps, a grasping forceps, or a stapler may also 
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be employed. In the embodiment described above, the side 
faces of the first connection member 25 are in contact with 
the contact surfaces 23c and 23d of the end effector base 23. 
Alternatively, a guide groove may be formed on the end 
effector base 23, and a guide pin engaged in the guide 
groove may be formed on the first connection member 25. 

As shown in Fig. 8, the end effector manipulation rod 
51 of the opening/closing link mechanism and the end 
effector base manipulation rod 52 of the pivot link 
mechanism are inserted in parallel through the insertion 
portion 3 of the insertion portion assembly 6 such that they 
independently move in both forward and backward directions. 
The insertion portion 3 includes an insertion tube 31 
serving as an outer sheath and an inner tube 32 serving as a 
partition that partitions the inside of the insertion tube 
31 into a plural parts. The inner tube 32 has a particular 
cross-sectional shape. The insertion tube 31 and the inner 
tube 32 are formed of a rigid material such as stainless 
steel. 

In the present embodiment, the inner tube 32 includes a 
round-shaped circumferential portion 32a and a flat part 32b. 
The round-shaped circumferential portion 32a is in intimate 
contact with the inner surface of the insertion tube 31, 
while the flat part 32b forms, in conjunction with the inner 
surface of the insertion tube 31, a through-hole that is 
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rectangular in cross section. The end effector base 
manipulation rod 52 is inserted through this through-hole, 
and the end effector manipulation rod 51 is inserted through 
the inner hole of the tube 32. 

That is, by disposing the inner tube 32 in the 
insertion tube 31 such that the round-shaped circumferential 
portion 32a is in contact with the inner surface of the 
insertion tube 31, a first channel 33 and a second channel 
34 are formed in the inside of the insertion portion 3. 
More specifically, the first channel 33 is formed by the 
inner hole of the inner tube 3 2 and the end effector 
manipulation rod 51 is inserted through the first channel 33, 
and the second channel 34 is used as a through-hole through 
which the end effector base manipulation rod 52 is inserted. 

In the second channel 34 according to the present 
embodiment, the size of the opening in a direction 
corresponding to the thickness of the end effector base 
manipulation rod 52 is set to be substantially equal to the 
thickness of the end effector base manipulation rod 52 to 
prevent the end effector base manipulation rod 52 from 
bending. This makes it possible to transmit a force in an 
axial direction by moving the end effector base manipulation 
rod 52 having an elongated shape and having a small 
thickness along the axial direction without causing the end 
effector base manipulation rod 52 to bend. That is, it is 
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ensured that a force is transmitted in the axial direction 
via the end effector base manipulation rod 52 in a highly 
reliable fashion. 

Note that the partition member is not limited to the 
inner tube 32 described above, but a plate or the like may 
be disposed in the insertion tube 31 to form the first 
channel 33 and the second channel 34. 

As shown in Figs. 9 and 10 , the pivot control knob 62 
and the rotation knob 63 are disposed on the proximal end of 
the insertion portion 3, at closely spaced locations close 
to the end effector manipulation portion 40. The pivot 
control knob 62 and the rotation knob 63 are operated with a 
finger of one hand by which the end effector manipulation 
portion 40 is held. To this end, the external diameter of 
the pivot control knob 62 is set to be greater than the 
external diameter of the rotation knob 63. More 
specifically, in the present embodiment, the external 
diameter of the pivot control knob 62 is set to be 1.2 times 
greater than the external diameter of the rotation knob 63 . 

The insertion tube 31 and the inner tube 32 forming the 
insertion portion 3 are set so as to have particular lengths 
and particular diameters. A first base tube 64 is fixed to 
the proximal end of the insertion tube 31 and the proximal 
end of the inner tube 32. A second base tube 65 is 
integrally connected with the first base tube 64 via a first 
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fixing member 91. 

The pivot base 61 is fit around the first base tube 64 
such that the pivot base 61 can move in both directions 
along the axis. The pivot control knob 62 is fit around a 
tube formed by the first base tube 64 and the second base 
tube 65 such that the pivot control knob 62 can rotate 
around the tube. The pivot control knob 62 and the pivot 
base 61 are coupled with each other by means of screwing. 
On the other hand, the rotation knob 63 is integrally 
connected with the second base tube 65 via a second fixing 
part 92. The pivot control knob 62 is supported by a flange 
66a formed on the rotation knob 63 such that the pivot 
control knob 62 is prevented from moving with respect to the 
tube thereby ensuring that the pivot control knob 62 can 
rotate at the same location. The pivot base 61 and the 
rotation knob 63 are made of a resin. 

The structure is described in further detail below with 
reference to the drawings. 

The end effector manipulation rod 51 is inserted 
through the first base tube 64. The proximal end parts of 
the insertion tube 31 and the inner tube 3 2 are disposed in 
a stepped hole formed in the inside of the first base tube 
64. At a predetermined position in a side face of the first 
base tube 64, a long hole 64a is formed such that the long 
hole 64a communicates with the second channel 34 through 
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which the end effector base manipulation rod 52 is inserted. 

This makes it possible to get access to the proximal 
end part of the end effector base manipulation rod 52 
inserted through the second channel 34 via the long hole 64a 
from the outside of the first base tube 64. A screw hole 
61a communicating with the long hole 64a is formed at a 
predetermined position in a side face of the pivot base 61 
that is fit around the first base tube 64 such that the 
pivot base 61 can move in both directions along the axis. 

After the screw hole 61a is positioned with respect to 
the long hole 64a , the connection screw 67 is inserted into 
the screw hole 61a such that the connection screw 67 is 
screwed into an internal thread 52b formed in the proximal 
end part of the end effector base manipulation rod 52 
thereby integrally connecting the end effector base 
manipulation rod 52 with the pivot base 61. 

Thus, if the pivot base 61 is moved in a direction 
along the axis with respect to the first base tube 64, the 
connection screw 67 moves within the long hole 64a. In 
response, the motion of the connection screw 67 causes the 
end effector base manipulation rod 52 integrally connected 
with the pivot base 61 to move in a corresponding axial 
direction. As a result, the location of the distal end unit 
52a changes within a range denoted by Li in Fig. 5. 

For example, an O-ring 93 is disposed at a particular 
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location along the inner circumference of the pivot base 61. 
The O-ring 93 prevents an abdominal cavity from 
communicating with the outside via the long hole 64a and the 
second channel 34. 

On the other hand, a flange unit 66 having a flange 66a 
is disposed on the distal end of the rotation knob 63 
integrally connected with the second base tube 65. The 
flange 66a of the flange unit 66 is disposed in a small- 
diameter stepped hole 62a with a particular depth and a 
particular diameter formed in the proximal end part, facing 
the rotation knob 63, of the pivot control knob 62. 

A circular-shaped restriction ring 68 for supporting 
the flange 66a is disposed in a large-diameter hole 62b of 
the stepped hole. The restriction ring 68 is integrally 
fixed to the pivot control knob 62 by fixing screws 94. The 
restriction ring 68 restricts the motion of the pivot 
control knob 62 in a direction along the axis of the 
insertion portion 3 although the pivot control knob 62 is 
allowed to rotate with respect to the flange 6 6a. 

An internal thread 62c is formed in the channel of the 
pivot control knob 62. An external thread 61b is formed on 
the proximal end part of the pivot base 61. The external 
thread 61b and the internal thread 62c are screwed together 
thereby connecting the pivot control knob 62 and the pivot 
base 61 with each other. 
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Thus, by rotating the pivot control knob 62 in a 
desired direction , the pivot base 61 can be moved with 
respect to the first base tube 64 in a forward or backward 
direction. As a result, the end effector base manipulation 
rod 52 integrally connected by the connection screw 67 with 
the pivot base 61 is moved in a forward or backward 
direction, and thus the location of the distal end unit 52a 
changes by a distance Li shown in Fig. 5. 

When the pivot base 61 is at the location shown in Fig. 
9, the distal end of the end effector base manipulation rod 
52 is located at the zero pivot end shown in Fig. 4 or 6 . 

In order that the pivot control knob 62 can be easily 
rotated with a finger of one hand with which the surgical 
instrument 1 is held to move the pivot base 61 in a forward 
or backward direction, the pivot control knob 62 is formed 
so as to have a greater diameter than that of the rotation 
knob 63, a small-diameter hole 62a is formed such that its 
depth is greater by a particular amount than the thickness 
of the flange 66a, and a stepped portion is formed on the 
bottom of the small-diameter hole 62a of the pivot control 
knob 62 so as to minimize the contact area between the 
flange 66a and the bottom surface of the small-diameter hole 
62a. 

Furthermore, the end effector manipulation rod 51 and 
the rotation knob 63 are disposed such that they are 
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substantially coaxial thereby allowing the insertion portion 
3 to rotate about the central axis of the rotation knob. 

The release button 7 0 is located between the pivot 
control knob 62 and the rotation knob 63. The release 
button 70 is a release mechanism formed of a first 
management member 71 having a locking hook 71a, a management 
pin 72 , and a button 73 made of an elastic material. The 
first management member 71 is disposed on the rotation knob 
63. 

Thus, the grasp control portion 4 represented by a two- 
dash line in Fig. 10 can be attached and removed by 
operating the button 73 of the release button 70 thereby 
changing the location of the locking hook 71a. 

Now, referring to Fig. 9, the manipulation portion 
assembly 7 is described below. 

The fixed handle 41 and the movable handle 4 2 forming 
the end effector manipulation portion 40 are made of a resin. 
Rings 41a and 42a are attached to the fixed handle 41 and 
the movable handle 42, respectively, so that the rings 41a 
and 42a reduces burdens on fingers of an operator. 

The connecting rod receiving hole 44 is formed in the 
head portion of the movable handle 42. On the other hand, 
the attaching portion 4 5 having a channel through which the 
end effector manipulation rod 51 integrally connected with 
the connecting rod 53 is inserted is formed in the head 



- 30 - 



portion of the fixed handle 41. A management member 45a, 
with which the locking hook 71a is engaged, is formed on the 
distal end part of the attaching portion 45. The fixed 
handle 41 has a channel through which the connecting rod 53 
is inserted. 

An end effector manipulation rod receiving portion 46 
is disposed in the channel of the attaching portion 45 such 
that the end effector manipulation rod receiving portion 46 
can rotate about the axis. The end effector manipulation 
rod receiving portion 46 has a guide 4 6a formed on its 
distal-end side. The guide 4 6a receives a rotation guide 
pin 65a disposed on the distal end of the second base tube 
65. Smooth side faces 53b of the connecting rod 53 are in 
contact with the end effector manipulation rod receiving 
portion 46. 

Thus, when the rotation knob 63 is rotated, the end 
effector manipulation rod receiving portion 4 6 rotates 
together with the second base tube 65 of the insertion 
portion assembly 6, and the rotation of the end effector 
manipulation rod receiving portion 46 causes the end 
effector manipulation rod 51 to rotate. That is, by 
properly rotating the rotation knob 63, the location of the 
end effector 2 with respect to the end effector manipulation 
portion 40 can be changed. 

The fixed handle 41 has a hermetic cap 47 that prevents 
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the pressure in an abdominal cavity from decreasing due to 
leakage through the first channel 33. Furthermore, the 
fixed handle 41 has an RF power input pin 48. The inner 
tube 32 having the first channel 33 is formed so as to have 
an external diameter that allows the outer circumferential 
surface to be covered with an insulating tube (not shown in 
the figure). The insulating tube covering the inner tube 32 
makes it possible to use RF power input via the RF power 
input pin 4 8 in a surgical treatment. 

The operation of the surgical instrument 1 constructed 
in the above-described manner is described below. 

First, the pivoting operation of the movable handle 42 
is described. 

As shown in Figs. 3A, 3B, 4A, and 4B, when the end 
effector 2 is in a non-pivoted position in which the end 
effector 2 and the insertion portion 3 lie in a straight 
line, and when the first jaw 21 and the second jaw 22 
forming the end. effector 2 are in a closed state, if the 
movable handle 42 is operated such that it pivots on the 
handle pin 43 in a direction denoted by an arrow a as shown 
in Fig. 11 or 12 until the movable handle 42 comes to a 
position represented by solid lines from a position denoted 
by dashed lines, then the location of the ball 53a of the 
connecting rod 53 received by the end effector manipulation 
rod receiving portion 4 6 changes. Furthermore, the 
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connecting rod 53 moves together with the end effector 
manipulation rod 51 in a forward direction denoted by an 
arrow e along the insertion axis. As a result, as shown in 
Fig. 6, the flat plate-shaped distal end part 51a of the end 
effector manipulation rod 51 moves forwardly. Thus, the 
second connection member 2 6 and the first connection member 
25 move forwardly through the end effector base 23. As a 
result, the first jaw 21 and the second jaw 2 2 forming the 
end effector 2 are opened as shown in Figs. 6, 11, and 13. 

Thereafter, if the movable hand 42 is operated so that 
the ball 53a moves a linear distance L2 along the insertion 
axis as shown in Fig. 12, the center position of the third 
connection pin 10c moves a linear distance L2 as shown in 
Fig. 6. As a result, the first jaw 21 and the second jaw 22 
are fully opened to an angle 8 2 . 

On the other hand, if the movable handle 42 is moved in 
an opposite direction denoted by an arrow b, the ball 53a 
and the center position of the third connection pin 10c move 
backwardly along the insertion axis. As a result, the end 
effector 2 gradually changes from the opened state into a 
closed state. 

That is, an operator can open and close the end 
effector 2 such that the angle between the first jaw 21 and 
the second jaw 22 changes to a desired value, by properly 
operating the movable handle 42 thereby moving the flat 
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plate-shaped distal end part 51a forwardly or backwardly as 
represented by an arrow in Fig. 13. 

The pivoting operation using the pivot control knob 62 
is described below. 

As shown in Figs. 3A, 3B, 4A, and 4B, when the end 
effector 2 is in a non-pivoted position in which the end 
effector 2 and the insertion portion 3 are in a straight 
line, and when the first jaw 21 and the second jaw 22 
forming the end effector 2 are in a closed state, if the 
pivot control knob 62 is rotated about the insertion axis, 
for example, in a direction denoted by an arrow d shown in 
Fig. 14 (or in a direction denoted by an arrow c), the end 
effector 2 is pivoted as will be described detail below. 
Note that the pivot control knob 62 can be easily rotated 
with a finger of one hand with which the end effector 
manipulation portion 4 0 is held, because the pivot control 
knob 62 is disposed closely adjacent, at a distal-end side, 
to the rotation knob 63 and the pivot control knob 62 is 
greater in diameter than the rotation knob 63. If the pivot 
control knob 62 is rotated, the pivot base 61 connected, by 
means of screwing, with the pivot control knob 62 moves 
forwardly along the insertion axis by an amount 
corresponding to the amount by which the pivot control knob 
62 is rotated. The motion of the pivot base 61 in the 
forward direction causes the end effector base manipulation 
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rod 52 integrally fixed by the connection screw 67 with the 
pivot base 61 to move f orwardly, as shown in Fig. 15. As a 
result, the location of the connection screw 67 changes 
within the long hole 64a. 

The motion of the end effector base manipulation rod 52 
in the forward direction causes the distal end unit 52a to 
move f orwardly as shown in Fig . 16 . As a result , the second 
pivot pin 8b moves f orwardly, and thus the end effector base 
23, on which the first jaw 21 and the second jaw 22 are 
disposed, pivots on the first pivot pin 8a. Thus, the pivot 
angle gradually changes . 

If the pivot base 61 is moved a linear distance Li along 
the insertion axis by rotating the pivot control knob 62 as 
shown in Fig. 15, the center position of the second pivot 
pin 8b moves a linear distance Li as shown in Fig. 5. As a 
result, the end effector 2 pivots from a horizontal position 
denoted by dashed lines to a fully pivoted position at an 
angle of 8i- 

In this state, the center of the second connection pin 
10b is coincident with the center of the first pivot pin 8a 
on which the end effector base 23 pivots. This allows the 
first jaw 21 and the second jaw 22 to be maintained in the 
closed state when the end effector base 23 pivots. 

A pivoting operation using a combination of the pivot 
control knob 62 and the movable handle 42 is described below. 
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For example, as shown in Figs. 17 and 18, if the end 
effector 2 is moved into the pivoted position as shown in 
Fig. 14 by rotating the pivot control knob 62, and the 
movable handle 42 is then moved in a direction denoted by an 
arrow a as shown in Fig. 17 or 18, then, as shown in Fig. 7, 
the flat plate-shaped distal end part 51a of the end 
effector manipulation rod 51 moves from a position 
represented by dashed lines to a position represented by 
solid lines. As a result, the second connection member 26 
and the first connection member 25 move forwardly in the end 
effector base 23. This causes the first jaw 21 and the 
second jaw 22 forming the end effector 2 to open as shown in 
Fig. 17 and 19. 

In this state, the center of the third connection pin 
10c is coincident with the center of the first pivot pin 8a 
on which the end effector base 23 pivots. This allows the 
first jaw 21 and the second jaw 22 to be maintained in the 
open state when the end effector base 23 pivots. 

That is, in a state in which the end effector 2 has 
been pivoted into a desired position by properly moving the 
pivot base 61, the first jaw 21 and the second jaw 22 can be 
opened or closed by operating the movable handle 42. In the 
combinational operation of pivoting of the end effector 2 
and opening/closing of the first jaw 21 and the second jaw 
22 of the end effector 2, pivoting and opening/closing can 
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be performed by desired arbitrary amounts. 

Referring to Fig, 20 , the relationships among the pin- 
to-pin distance of the second connection member 26, the 
pivoting angle 9i, and the opening angle 8 2 are described 
below. 

In Fig. 20, a solid line indicates the opening angle 8 2 
when the pin-to-pin distance between the second connection 
pin 10b and the third connection pin 10c is maintained at L2 . 
A dashed line indicates the opening angle 0 2 for a pint-to- 
pin distance smaller than L2. A broken line indicates the 
opening angle 0 2 for a pint-to-pin distance greater than L2 . 

When the pin-to-pin distance is smaller than L2, the 
angle between the first jaw 21 and the second jaw 22 
decreases as the pivoting angle of the end effector 2 
increases starting from the straight position, as indicated 
by the dashed line. On the other hand, when the pin-to-pin 
distance is greater than L2, the angle between the first jaw 
21 and the second jaw 22 increases as the pivoting angle of 
the end effector 2 increases starting from the straight 
position, as indicated by the broken line. That is, in any 
case, the angle between the jaws changes with the pivoting 
angle. 

In the present embodiment, to avoid the above problem, 
the structure is designed such that when the flat plate- 
shaped distal end part 51a of the end effector manipulation 
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rod 51 moves by L2 , the first jaw 21 and the second jaw 22 
are fully opened, and the pin-to-pin distance equals to L2 . 
Thus, when the first jaw 21 and the second jaw 22 are in the 
closed state, the center of the second connection pin 10b is 
coincident with the center of the first pivot pin 8a, while 
the center of the third connection pin 10c is coincident 
with the center of the first pivot pin 8a when the first jaw 
21 and the second jaw 2 2 are in the open state. Thus, in 
the present embodiment, when the end effector 2 is pivoted 
to any angle within a particular range, for example, from 0° 
to 60°, the angle between the first jaw 21 and the second 
jaw 22 is maintained constant as indicated by the solid line 
in Fig. 20. 

Now, the operation of the rotation knob 63 is described 
below. 

If the rotation knob 63 is rotated about the insertion 
axis, the second base tube 65, the first base tube 64, the 
first channel 33, and the second channel 34, which are 
integrally connected with the rotation knob 63, rotate about 
the insertion axis. Simultaneously with the above rotation, 
the end effector manipulation rod receiving portion 46 
including the guide 46a receiving the rotation guide pin 65a 
causes the end effector manipulation rod 51 integrally 
connected with the connection rod 53, whose smooth side 
faces 53b are in contact with the end effector manipulation 
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rod receiving portion 46, to rotate about the insertion axis. 
That is, the insertion portion 3 as a whole can be rotated 
about the insertion axis to arbitrarily change the direction 
of the plane in which the first jaw 21 and the second jaw 22 
are opened and closed. 

The insertion portion assembly 6 and the manipulation 
portion assembly 7 are integrally connected by engaging the 
locking hook 71a of the first management member 71 forming 
the release button 7 0 with the management part 45a of the 
attaching portion 45. Thus, if the first management member 
71 is moved toward the center of the insertion axis while 
pressing down the button 73 of the release button 70, the 
engagement between the locking hook 71a and the management 
part 45a is released. In this released state, if the 
movable handle 42 is pivoted on the handle pin 43 and 
simultaneously the end effector manipulation rod 51 is moved, 
the ball 53a of the connecting rod 53 is removed from the 
end effector manipulation rod receiving portion 46. As a 
result, the insertion portion assembly 6 and the 
manipulation portion assembly 7 are separated from each 
other. 

If the connection screw 67 on the pivot base 61 is 
released, it becomes possible to remove the end effector 
base manipulation rod 52 from the pivot base 61. In this 
state, if the end effector manipulation rod 51 and the end 
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effector base manipulation rod 52 are removed from the first 
channel 33 and the second channel 34 , respectively , the 
insertion portion assembly 6 and the end effector assembly 5 
are separated from each other. 

As described above, in the surgical instrument 
according to the present embodiment, the pivot control knob 
for pivoting the end effector and the end effector 
manipulation portion having the movable handle for 
manipulating the end effector connected, via the link 
mechanism including the joint, with the distal end of the 
end effector manipulation rod are disposed such that the 
range within which the end effector manipulation rod is 
moved forwardly or backwardly by the movable handle is set 
to a particular value and furthermore the pin-to-pin 
distance between the third connection pin and the second 
connection pin engaged with the second connection member is 
set to a particular value such that when the end effector 
manipulation rod is moved from the first end position to the 
second end position, the relative position between the 
connection pins and pivot pins changes from a relative 
position in which the central axis of the second connection 
pin and the central axis of the first pivot pin 8a are 
coincident with each other to a relative position in which 
the central axis of the third connection pin and the central 
axis of the first pivot 8a are coincident with each other, 
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thereby ensuring that an operator can manipulate the end 
effector in a desired manner regardless of the pivoting 
state of the end effector. 

Furthermore, in the surgical instrument according to 
the present embodiment, the pivot control knob for pivoting 
the end effector and the end effector manipulation portion 
having the movable handle for opening and closing the first 
jaw and the second jaw forming the end effector are provided 
such that the end effector base manipulation rod for 
transmitting the operation of the pivot control knob to the 
end effector and the end effector manipulation rod for 
transmitting the operation of the movable handle to the end 
effector are both made of a rigid material thereby ensuring 
that when an operator operates the pivot control knob or the 
movable handle, the end effector is pivoted or opened/closed 
in exactly the same manner as intended by the operator. 

Use of the rigid material allows the end effector base 
manipulation rod and the end effector manipulation rod to 
move without encountering deformation even when an external 
force is applied to the end effector. Thus, it is ensured 
that pivoting of the end effector and opening/closing of the 
jaws of the end effector can be performed precisely. 

Furthermore, connecting the end effector, the pivot 
control knob, and the movable handle using rigid connection 
members makes it possible for an operator to operate the 
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pivot control knob or the movable handle while perceiving a 
force applied to fingers of a hand by which the pivot 
control knob or the movable handle is operated wherein the 
force applied to the fingers exactly correspond to an 
external force applied to the end effector. More 
specifically, when a body tissue is grasped between the 
grasping surfaces having protrusions and depressions formed 
thereon by closing the jaws of the end effectors, an 
operator can perceive a reaction force from the body issue. 
The perception of the reaction force ensures that the 
operator can precisely grasp the body tissue and also 
ensures that the operator can dissect a body tissue by 
opening the jaws. 

In the surgical instrument according to the present 
embodiment > in addition to the end effector manipulation 
portion for operating the end effector, the pivot control 
knob for pivoting the end effector and the second rotation 
knob for rotating the end effector and the insertion portion 
as a whole about the insertion axis are formed such that the 
pivot control knob has an external diameter greater than the 
external diameter of the second rotation knob, and those two 
knobs are placed such that they are located close to each 
other and such that the second rotation knob is located at a 
side closer to the end effector manipulation portion thereby 
making it possible for an operator to easily rotate the 
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pivot control knob or the rotation knob with a finger of a 
hand by which the end effector manipulation portion is held. 

This makes it possible to operate the surgical 
instrument with fingers of one hand by which the end 
effector manipulation portion is held, without using a 
finger of the other hand. This allows another treatment 
tool or the like to be operated with another hand of the 
operator. Furthermore, the second rotation knob located 
close to the fixed handle can be operated or held with, for 
example, the index finger, and the pivot control knob 
located farther from the fixed handle can be operated or 
held with the middle finger. 

In the present embodiment, because the surgical 
instrument can be separated into the treatment portion 
assemble, the insertion portion assembly, and the 
manipulation portion assembly, the surgical instrument can 
be easily cleaned in a short time after using the surgical 
instrument. 

The cross-sectional shape of the end effector base 
manipulation rod inserted through the second channel is not 
limited to a rectangle. For example, as shown in Fig. 21, 
to change the external size of the inner tube 32A disposed 
in the inside of the insertion tube 31, for example, the 
flat part 3 2b may be formed so as to be rather long such 
that the second channel 34a has a greater cross-sectional 
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area so that the end effector base manipulation rod 52A has 
a cross-sectional area substantially equal to the cross- 
sectional area of the end effector manipulation rod 51 • 

As described above, if the external shape of the inner 
tube disposed in the insertion tube of the insertion portion 
is properly set such that the end effector manipulation rod 
and the end effector base manipulation rod are allowed to be 
equal in cross-sectional area thereby preventing, in a more 
reliable manner, a trouble from occurring due to bending of 
the end effector manipulation rod or the end effector base 
manipulation rod. Furthermore, this ensures that the end 
effector is prevented from returning to its straight 
position against the intention of an operator in the middle 
of a pivoting or opening/closing operation. 

Although in the present embodiment, the pivot control 
knob 62 is formed such that the external diameter thereof is 
1.2 times greater than the diameter of the rotation knob 63, 
the external diameter of the pivot control knob 62A may be 
set, for example, to be 1.5 times greater than the diameter 
of the rotation knob 63 as shown in Fig. 22. However, to 
achieve a good balance without increasing the weight of the 
surgical instrument and to achieve high operability and high 
grasping performance, it is desirable that the external 
diameter of the pivot control knob be set to be less than 2 
times the external diameter of the rotation knob. 
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The greater external diameter of the pivot control knob 
makes it possible to more easily operate the pivot control 
knob with a finger of a hand by which the grasp control 
portion is held, the greater external diameter of the pivot 
control knob also results in an increase in moment that 
allows the pivot control knob to be rotated by a smaller 
force. 

Now, referring to Figs. 23A to 25, a second embodiment 
of the present invention is described below. 

As shown in Figs. 23A and 23B, in the surgical 
instrument 1 according to the second embodiment, the second 
operation control portion is in the form of a 
backward/forward-moving knob 62B that moves forwardly and 
backwardly along the axis of the insertion portion 3. When 
the backward/ forward-moving knob 62B is moved to a location 
closest to the fixed handle, the end effector comes into a 
position in which the end effector and the insertion portion 
lie in a straight line as shown in Fig. 23A. When the 
backward/ forward-moving knob 62B is moved to a location 
farthest away from the fixed handle, the end effector comes 
into a fully pivoted position as shown in Fig. 23B. 

In the present embodiment, as shown in Figs. 24 and 25, 
the backward/ forward-moving knob 62B is formed in the shape 
of a barrel having a hollow 62d. In this hollow 62d, a 
flange 66a is disposed. The backward/ forward-moving knob 
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62B and the pivot base 61 are integrally fixed to each other 
by means of screwing. 

In this structure, if the backward/forward-moving knob 
62B is moved forwardly or backwardly along the axis of the 
insertion portion as indicated by an arrow in Fig. 23B, the 
pivot base 61 integrally connected with the 
backward/ forward -moving knob 62B moves to a location shown 
in Fig. 24 or 25. As a result, the end effector base 
manipulation rod 52 integrally connected, by the connection 
screw 67, with the pivot base 61 moves forwardly or 
backwardly in an axial direction. 

The external diameter of the backward/forward-moving 
knob 62B is set to be 1.2 times greater than that of the 
rotation knob 63. The structures and the operations of the 
other portions are similar to those according to the first 
embodiment, and those similar members, denoted by similar 
reference numerals to those in the first embodiment, are not 
described in further detail herein. 

In the present embodiment, as described above, the 
surgical instrument includes the end effector manipulation 
portion for operating the end effector, the rotation knob 
for rotating the end effector and the insertion portion as a 
whole about the axis of insertion axis, and also the pivot 
control knob that is formed so as to have an external 
diameter greater than the external diameter of the rotation 
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knob and that is located close to the rotation knob such 
that the pivot control knob can move toward and away from 
the end effector thereby making it possible to easily 
operate the pivot control knob and the rotation knob with a 
finger of one hand by which the end effector manipulation 
portion is held. 

Referring to Figs. 26 and 2 7 , a third embodiment of the 
present invention is described below. 

As shown in Figs. 2 6 and 27, in the surgical instrument 
1 according to the present embodiment , a first slanting 
contact surface 26c and a second slanting contact surface 
26d are provided in the center of the second connection 
member 26A. Accordingly, the end face of the proximal end 
part of the first connection member 25 is in contact with 
the first slanting contact surface 26c. The head-side end 
face of the flat plate-shaped distal end part 51a disposed 
on the distal end of the end effector manipulation rod 51 is 
in contact with the second slanting contact surface 26d. 

When the end effector 2A is in a pivoted position, if 
the end effector manipulation rod 51 is moved forwardly to 
push up the first connection member 25 via the second 
connection member 26A, the direction of a resistive force, 
which is in a direction normal to the first slanting contact 
surface 26c in this case, becomes closer to the main axis of 
the end effector 2 , which results in a reduction in 



- 47 - 



resistance. When the end effector 2 A is in a pivoted 
position and the first jaw 21 and the second jaw 22 are in 
an open state, if the first jaw 21 and the second jaw 22 are 
closed by an external force and thus the second connection 
member 26A is pushed down by the first connection member 25 
and the end effector manipulation rod 51 is moved backwardly 
toward the proximal end, the direction of a resistive force, 
which is in a direction normal to the first slanting contact 
surface 26c in this case, becomes closer to the main axis of 
the end effector manipulation rod 51, which results in a 
reduction in resistance. 

Thus in this structure, when the first connection 
member 25 is pushed up or down by the second connection 
member 26A, a resistive force is reduced, which allows the 
first jaw 21 and the second jaw 22 forming the end effector 
2A to be opened and closed more smoothly. 

The diameter of a hole for receiving the second 
connection pin 10b of the first connection member 25 may be 
set to be greater than the diameter of the external diameter 
of the second connection pin 10b so as to provide a greater 
clearance. The diameter of a hole for receiving the third 
connection pin 10c of the end effector manipulation rod 51 
may be set to be greater than the diameter of the external 
diameter of the third connection pin 10c so as to provide a 
greater clearance. The structures and the operations of the 
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other portions are similar to those according to the first 
embodiment, and those similar members, denoted by similar 
reference numerals to those in the first embodiment, are not 
described in further detail herein. 

In the present embodiment, as described above, the 
first slanting contact surface with which the end face of 
the flat plate-shaped distal end part of the end effector 
manipulation rod is in contact and the second slanting 
contact surface with which the end face of the proximal end 
part of the first connection member is in contact are 
provided on the second connection member whereby the 
direction of the perpendicular resistive force imposed by 
the first connection member on the second connection member 
or imposed by the second connection member on the first 
connection member is made closer to the axis of the end 
effector manipulation rod, thereby achieving an improvement 
in operability. 

Now, referring to Figs. 28 to 31, a fourth embodiment 
of the present invention is described below. 

In the end effector 2B according to the present 
embodiment, the end effector 2B is pivoted in a direction 
perpendicular to a direction in which the first jaw 21 and 
the second jaw 22 of the end effector 2B are opened and 
closed. 

To this end, the end effector 2B according to the 
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present embodiment is different from the end effector 2 or 
2A according to the previous embodiments. More specifically, 
as shown in Figs. 28 and 29, the structure of the end 
effector base 23A according to the present embodiment is 
different in structure from the end effector base 23 
according to the previous embodiments. 

That is, the distal-end projections 23e of the end 
effector base 23A project in planes perpendicular to the 
planes in which the distal-end projection 23b of the end 
effector base 23 project. To adapt to the above 
modification of the distal-end projections 23e, the first 
connection member 2 5A for connecting the proximal end of the 
second jaw 22 into the recess formed in the distal end part 
of the second connection member 2 6 is formed such that the 
first connection pin 10a and the second connection pin 10b 
extend in directions perpendicular to each other. The 
structures and the operations of the other portions are 
similar to those according to the first embodiment, and 
those similar members, denoted by similar reference numerals 
to those in the first embodiment, are not described in 
further detail herein. 

In this structure, when the end effector 2B is in a 
state shown in Fig. 28, if the flat plate-shaped distal end 
part 51a of the end effector manipulation rod 51 is moved, 
then the first jaw 21 and the second jaw 22 of the end 
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effector 2B are opened or closed, as indicated by a solid 
arrow in Fig. 29, in a plane perpendicular to a plane in 
which the jaws shown in Fig. 13 are opened or closed as 
indicated by a broken arrow in Fig. 29. 

On the other hand, when the end effector 2B is in the 
state shown in Fig. 28, if the distal end unit 52a of the 
end effector base manipulation rod 52 is moved, the end 
effector 2B is moved from the straight position to a pivoted 
position as shown in Fig. 30. In this pivoted position, if 
the flat plate-shaped distal end part 51a of the end 
effector manipulation rod 51 is further moved, then the 
first jaw 21 and the second jaw 22 of the end effector 2B 
are opened or closed, as indicated by a solid arrow in Fig. 
31, in a plane perpendicular to a plane in which the jaws 
shown in Fig. 19 are opened or closed as indicated by a 
broken arrow in Fig. 31. 

In the present embodiment, as described above, the pair 
of jaws of the end effector is opened and closed in a plane 
perpendicular to a plane in which the end effector pivots. 
This allows an expansion in a range within which the distal 
end tool can move, which results in further improvements in 
operability and utility. 

Having described the preferred embodiments of the 
invention referring to the accompanying drawings, it should 
be understood that the present invention is not limited to 
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those precise embodiments and various changes and 
modifications thereof could be made by one skilled in the 
art without departing from the spirit or scope of the 
invention as defined in the appended claims . 



